Introduction: Osteochondral allograft (OCA) transplantation is a suitable treatment option for large osteochondral defects. Magnetic resonance imaging (MRI) is an objective, reproducible, noninvasive monitoring tool for postoperative assessment after cartilage surgery. Objective: To correlate Osteochondral Allograft MRI Scoring System (OCAMRISS) in patients undergoing OCA transplantation in the knee with clinical outcomes and determine interobserver agreement of this scoring system. Methods: Fifteen patients underwent OCA transplantation in the knee and received a postoperative MRI. Four examiners read each MRI and completed an OCAMRISS. Interobserver agreement and intraclass correlation coefficients (ICCs) were assessed. Clinical outcomes were evaluated. Correlation between the OCAMRISS and clinical outcomes was calculated using Spearman's correlation coefficients. Results: Interobserver agreement on individual features of the OCAMRISS was superior (κ = 0.81-1.0) in 65% of comparisons, substantial (κ = 0.61-0.8) in 14%, moderate (κ = 0.41-0.6) in 18%, and fair (κ = 0.21-0.4) in 3%. Agreement among readers was very strong for the cartilage, bone, ancillary, and total scores with 96% of comparisons having an ICC >0.80. International Knee Documentation Committee (IKDC) function scores were correlated with OCAMRISS cartilage score (ρ = 0.53, P = 0.044) and total score (ρ = 0.67, P = 0.006). The Knee injury and Osteoarthritis Outcome Score (KOOS) sports/recreation subscale was correlated with OCAMRISS ancillary score (ρ = 0.58, P = 0.049) and total score (ρ = 0.64, P = 0.024). No correlation was observed with subchondral bone features of OCAMRISS and any of the outcome scores. Conclusions: The recently described OCAMRISS is a reproducible grading system for in vivo evaluation after osteochondral allograft transplantation.
Introduction
Osteochondral allograft (OCA) transplantation is indicated for selected cases of cartilage injuries, especially in young patients with large lesions with subchondral bone involvement. [1] [2] [3] Osteochondritis dissecans, 4 degenerative and posttraumatic cartilage injuries, 5 bipolar cartilage injuries, 1 and osteonecrosis [1] [2] [3] are the most common causes of large cartilage injuries suitable for osteochondral allografting. OCA transplantation replaces both cartilage and underlying subchondral bone. 6 Magnetic resonance imaging (MRI) is an objective and reproducible monitoring tool for postoperative assessment after cartilage repair procedures. [7] [8] [9] [10] As a noninvasive and accurate method, MRI can assess cartilage repair morphology, cartilage volume, peripheral integration, and subchondral bone changes. [11] [12] [13] Although not widely used on clinical scanners, recent advancements in specific sequences of MRI such as delayed gadolinium-enhanced MRI of cartilage (dGEMRIC), T1 rho, T2-mapping and diffusion-weighted imaging can assess biochemical details of cartilage tissue. 14 The Magnetic Resonance Observation of Cartilage Repair Tissue (MOCART) score is a semiquantitative scale used for monitoring tissue after cartilage repair surgeries such as autologous chondrocyte implantation and microfracture. 15, 16 However, recent studies have shown a lack of correlation between clinical outcomes and the MRI. 17 Welsch et al. 13 noted the importance of subchondral bone after cartilage repair and introduced a subchondral interface feature in the 3D MOCART score, but no specific detail was provided for the use of this score after OCA transplantation. Therefore, our group developed a comprehensive Osteochondral Allograft MRI Scoring System (OCAMRISS) and validated this score in an experimental model with histopathologic and micro-computed tomography (μCT) reference standards.
18
The OCAMRISS is an attractive score for OCA transplantation because of the inclusion of 4 features addressing the subchondral bone: subchondral bone plate congruity, subchondral bone marrow signal, presence of subchondral cystic changes, and osseous integration. This recently developed scoring system has not yet been used for the evaluation of OCA transplantation outcome in human knees.
The objective of this study was to validate the OCAMRISS for clinical use by evaluating the interobserver variability and determining the radiological features that best correlate with clinical outcome.
Methods

Study Population
In this retrospective study, 15 patients were identified who had MRI exams after OCA transplantation in an institutional review board-approved clinical database. Patient demographics and clinical characteristics are detailed in Table 1 .
The fresh OCAs were processed and obtained from the Joint Restoration Foundation (Centennial, CO). The OCA transplantations were performed through a medial or lateral parapatellar arthrotomy for substitution of the injured cartilage in the femoral condyle, trochlea, tibial plateau, and patella. 19 The size of the lesion was recorded and the nonviable tissue found was debrided and prepared down in a geometric format to a depth of 5 to 7 mm. For lesions smaller than 10 cm 2 , a dowel technique was employed. 19 For lesions larger than 10 cm 2 , a shell allograft technique was chosen. 19 In order to decrease the immunogenicity of the graft, the immunogenic marrow elements from the osseous surface was washed out with pulsatile lavage. The graft was trimmed into a shape matching the lesion and trial fittings were performed to ensure a well-positioned graft. The grafts were fixed either by press fit fixation or with the use of bioabsorbable pins (OrthoSorb; DePuy Synthes, Warsaw, IN).
Imaging and Image Analysis
The examinations followed a standard clinical protocol for MRI musculoskeletal injuries (Figs. 1-3 For MRI assessment of osteochondral allograft transplantation, we used the previously published comprehensive OCAMRISS. 18 The original scoring system included 9 primary features of the graft (5 cartilage and 4 subchondral bone) and 4 ancillary features of the joint ( Table 3) . Since ultrashort echo (UTE) sequences necessary for the evaluation of the integrity of the calcified cartilage layer 20 are not yet available on clinical scanners, this feature was not included in our analysis. All available images and planes are utilized to formulate the OCAMRISS score. Furthermore, for the binary subscores (Features 6 through 13), if the appearance is normal on one slice and abnormal on an adjacent slice, the abnormal score should be used.
To evaluate interobserver reliability, images were independently scored by 2 fellowship-trained musculoskeletal radiologists and 2 fellowship-trained orthopaedic surgeons specializing in sports medicine. Prior to scoring, 4 hours of consensus training sessions were performed by the 2 orthopaedic surgeons to calibrate and standardize scoring on an independent data set. The 2 radiologists did not undergo a training session prior to scoring and their evaluation was entirely independent. 
Clinical Evaluation
Clinical evaluation was performed postoperatively with the International Knee Documentation Committee (IKDC) subjective knee evaluation form, 21 Knee injury and Osteoarthritis Outcome Score (KOOS) subcategories symptoms, pain, function in daily living, function in sport and recreation (Sports/Rec), and knee-related quality of life (QOL).
Statistical Analysis
Descriptive statistics were performed. Interobserver agreement was assessed using Cohen's kappa coefficients for the OCAMRISS individual features and intraclass correlation coefficients for the OCAMRISS total scores. Cohen's kappa coefficient and intraclass correlation coefficient vary from 0 (no agreement) to 1.0 (complete agreement). The intermediate values were interpreted as follows: 0 to 0.2, slight agreement; 0.21 to 0.4, fair agreement; 0.41 to 0.6, moderate agreement; 0.61 to 0.8, substantial agreement; 0.81 to 1.0, superior agreement. Spearman's correlation coefficients were used to assess correlation between standardized clinical questionnaires (IKDC and KOOS) and the OCAMRISS total scores. For individual features of the OCAMRISS, MannWhitney U tests were performed to compare mean IKDC and KOOS scores (absence vs. presence of each feature). For the 
Results
The mean time from OCA transplantation to MRI acquisition was 3 ± 2.3 years. The mean time from clinical outcome assessment to MRI acquisition was 0.4 ± 1.5 years.
Interobserver agreement among the 4 examiners on individual features of the OCAMRISS was superior in 65% of comparisons ( Table 4 ). Agreement among the readers was very strong for the cartilage, bone, ancillary, and total scores with 96% of comparisons having an intraclass correlation coefficient >0.80. Since the interobserver agreement between all examiners was considered superior for individual score features and for total scores, only the senior radiologist's score was used for correlation with clinical outcome. The mean scores of IKDC and KOOS are reported in Table 5 . The IKDC function scores were correlated with the OCAMRISS cartilage score (ρ = 0.53, P = 0.044) and total score (ρ = 0.67, P = 0.006). The KOOS sports/recreation subscale was correlated with the OCAMRISS ancillary score (ρ = 0.58, P = 0.049) and total score (ρ = 0.64, P = 0.024). Some of the clinical scores also differedamongspecific OCAMRISS individual features when comparing the presence or absence of a feature ( Table 6) . No significant correlation was observed with subchondral bone features of the OCAMRISS and any of the outcome scores.
Discussion
The present study showed that the OCAMRISS is a reliable scoring system to evaluate patients after OCA transplantation. Some subjective and objective outcomes, including the IKDC function, the KOOS sports/recreation, the KOOS symptoms, and the KOOS quality of life were correlated with some OCAMRISS features and/or total OCAMRISS score. No correlation was observed with subchondral bone features of the OCAMRISS and any of the outcome scores.
MRI is a noninvasive instrument useful to detect and monitor the cartilage status after several types of cartilage repair or reconstruction procedures. The International Cartilage Repair Society (ICRS) recommends appropriate sequences to conduct cartilage clinical trials as an important tool for postoperative assessment of cartilage status. 22 New advancements in MRI techniques such as delayed gadolinium-enhanced MRI of cartilage (dGEMRIC), T1 rho, T2-mapping, and diffusion-weighted imaging can show biomechanical details of cartilage, but studies performing correlation between clinical measures and radiological findings and measurements are lacking. 16, 23 Many of these new sequences are not widely available on clinical scanners. Similarly, UTE sequences, which allow for evaluation of the calcified cartilage layer, are not yet available as a product sequence on clinical MRI scanners and were excluded from the analysis in the current study. The MOCART score was originally described for cartilage repair with cell-based transplantation. In the study that validated MOCART for the cartilage repair surgeries, Marlovits et al. 12 in an observational study with 13 patients submitted to matrix-associated autologous chondrocyte transplantation showed that KOOS and visual analog scale were correlated with some MRI variables of the MOCART system such as "filling of the defect," "structure of the repair tissue," and "changes in the subchondral bone". Later Blackman et al. 15 and de Windt et al. 16 could not prove the same with a systematic review of pooled and analyzed data from cartilage repair studies. No strong evidence was found to support MRI as a reliable method to predict clinical outcomes. Aldrian et al. 24 also reported in a 10-year follow-up study after matrix-induced autologous chondrocyte transplantation that no correlation was found between clinical outcome and MRI, but a strong negative correlation was found between defect size and visual analog scale. This scoring system was not defined for osteochondral allograft transplantation. Some features, including "integration to the border zone" and "presence of adhesions" of the MOCART system may be more important for cell-based cartilage repair techniques than for osteochondral allograft transplantation.
The importance of the subchondral bone became evident for cartilage repair and reconstruction when the MOCART score was improved to the 3D MOCART score. The 3D MOCART introduced the "bone interface" to address integration of the donor and host as well as integration of a possible periosteal flap and "chondral osteophytes." 25 Chondral osteophytes or intralesional osteophytes, which are caused by the disruption of the subchondral plate and damage of the subchondral bone, are a possible complication after bone marrow stimulation techniques. Cell-based techniques such as autologous chondrocyte implantation showed 3 to 5 times greater failure after a bone marrow stimulating technique, highlighting the importance of the subchondral bone damage in cartilage repair survivorship. 9, 26 The subchondral bone findings and correlation with clinical outcomes remains controversial in the literature. For reparative procedures such as autologous chondrocyte implantation, edema of the subchondral bone seems to influence the clinical outcomes. 12, 27 Other authors show that the persistent edema of the subchondral bone 1 year of after an autologous chondrocyte implantation surgery may not have any significant clinical importance. [28] [29] [30] In the case of osteochondral transfer such as osteochondral autograft transfer and osteochondral allograft transplantation, the subchondral bone is an important characteristic to be analyzed. The OCAMRISS score employed in our study is especially focused on the subchondral bone and has the advantage of including features of cartilage, ancillary features, and subchondral bone. Studies have shown that subchondral bone alterations are related to OCA transplantation survivorship. In a fresh osteochondral allograft retrieval study, Williams et al. 3 analyzed 26 retrieval specimens and found some subchondral bone alterations such as osteonecrosis, creeping substitution, collapse of the bony architecture, thickened subchondral plate, and irregular morphologic characteristics. Although, in theory, subchondral bone integration may be part of a successful osteochondral allograft transplant, no strong correlation between subchondral bone damage and clinical outcome has been described in osteochondral allograft transplantation. Also in our study we could not find any correlation between subchondral bone damage and clinical outcome.
Our study is the first to use a comprehensive scoring system and to systematically correlate clinical outcomes with MRI features unique to OCA transplantation. Although our MRI study could not show correlation between subchondral bone features of the OCAMRISS and any of the clinical outcome scores, the subchondral bone remains a substantial part of the transplant and in theory failure of the bone is undesirable. The inability to correlate OCAMRISS bone parameters with outcome may be due to small sample size. However, OCAMRISS may provide a standardized method to communicate findings unique to OCA transplantation.
With advances in MRI technology, including the increased use of MRI systems at field strengths of 3T and higher, the possibility exists for higher resolution images with little or no increase in time, which may further increase the reliability of scoring. With the widespread deployment and subsequent validation of novel qualitative and quantitative MRI sequences, imaging may play a larger role in the postoperative evaluation of cartilage repair techniques. This includes UTE sequence allows qualitative and quantitative evaluation of the calcified layer of cartilage that plays an important role in the overall function of the osteochondral unit. 31 In an exploratory subgroup analysis, preservation of the calcified cartilage layer was particularly useful in predicting the biomechanical properties of osteochondral allografts. 18 Currently, there is no agreed indication for time interval for routine MRI after OCA transplantation. For cell-based repair techniques, Domayer et al. 11 suggested MRI assessment at 3 months, 1 year, and 2 years. At 3 months, the goal is to check adherence of repair tissue and early complication; at 1 year to assess graft maturation; at 2 years to check late complications. For osteochondral repair techniques, authors recommend a MRI assessment at 1 and 2 years. [32] [33] [34] We are unable to recommend a particular interval for postoperative MRI of OCA transplantation. This study did not evaluate longitudinal changes in MRI in individual patients. Currently, when MRI is performed within the first year after surgery, the surgeon and the radiologist should both be aware that subchondral bone marrow edema pattern may be a normal finding. 33 Further prospective imaging studies are warranted to better characterize the MRI response to OCA transplantation.
The present study has several limitations inherent to a retrospective study such as variable inclusion and exclusion criteria. We understand that this study does not present the entire data set to support the relevance of bone features in the clinical outcome since we only have a few patients with subchondral bone alterations. Our study presented a time interval between the clinical outcome assessment and the MRI acquisition, which could have brought changes in the interval. The time interval from clinical outcome assessment to MRI acquisition may also have influenced the lack of clinical and radiological correlation for bone features. Our study should be considered a pilot study because of the small sample size with all types of clinical and imaging presentation, which may not be a representative sample. We did not employ a uniform high resolution technique and specific recommended sequences such as UTE. Despite this, some statistically significant correlations were found. Use of OCA transplantation and MRI after surgery will continue to increase and our results may encourage investigators to perform larger studies employing the OCAMRISS. 22, 32 The recently described OCAMRISS is a reproducible grading system for in vivo evaluation after osteochondral allograft transplantation. With slight modifications, orthopaedic surgeons can be educated to apply this scoring system. In the future, larger sample sizes and established osteochondral allograft transplantation protocols for postoperative assessment with MRI are needed.
